In a well mixed chamber Dunn & Tichenor (1988) describe system by:
Assuming a constant air rate F through the chamber, k 2 = F/V , the number of air changes in unit time. 
Models

Constant source models
Source acts as if it were a constant emitter for a finite period of time.
Example: Moth crystal cake -emission rate limited by its surface area so effectively A = ∞ and if potential for emissions is constant during the time period considered then g(x, t) = 1 in equation (1) above.
Thin film models in a stochastic setting
First look at stochastic formulation for smoothing spline and extend this to fit thin film models in a stochastic setting.
Stochastic formulation of smoothing spline
Data: (t 1 , y 1 ), . . . , (t n , y n )
Model:
Could use smoothing spline to estimate f (t).
7 DEFN: A smoothing spline f is the minimizer of
The resultant curve is a piecewise polynomial of degree 2m − 1 with 2m − 2 continuous derivatives.
RESULT: Wahba (1978) showed that a polynomial smoothing spline is the solution to the stochastic differential equation
where ω(t) is a Wiener process with unit dispersion parameter, λ = 1/µ and
T has a diffuse prior (i.e.
where x(t|n) = E{x(t)|y 1 , y 2 , . . . , y n }.
Wecker and Ansley (1983) presented a stochastic formulation of a polynomial smoothing spline using this result.
The stochastic differential equation (6) can be written as
and the observation equation (4) as
Stochastic formulation of thin film models
Generalise stochastic differential equation for smoothing splines to
where M :
and ω(t) is a Wiener process with unit dispersion parameter.
The initial conditions are the same as for the polynomial smoothing spline and point estimates are E(h T x(t)|y 1 , . . . , y n ).
The corresponding observation equation is
If when fitting this "extended" generalised smoothing spline λ tends to be small then the model is adequate.
Obtain the state space formulation of the "extended" generalized smoothing spline. Let X(t, t 1 ) be the fundamental matrix solution of the associated homogeneous differential equation. That is,
The solution to the stochastic differential equation (9) satisfying
This solution can be written in the form of a recursion as
with x i = x(t i ), X i+1 = X(t i+1 , t i ) and u i+1 = u(t i+1 , t i ) where
which has a N (0, Ω(t i+1 , t i )) distribution with covariance matrix
State Space Formulation
We obtain x(t|n) and hence the point estimate h 
Maximum Likelihood Estimation (MLE) or Generalized Cross
Validation (GCV) can be used to find the smoothing parameter.
Kalman Filter: Initiate with x 1|0 = 0 and S 1|0 = γ 2 I m .
RTS Smoother: Initiate with x n|n obtained from a forward pass of the Kalman Filter.
Smoothness properties Argument similar to .
where for i = 1, 2, . . .
If M is a constant matrix then
For the thin film model considered we have
and g(t) = k 1 e 1 . We observe x − y − w so h
Continuity properties
All models have curve fitted only having one continuous derivative.
Moth crystal cake example
Dunn and Tichenor (1988) present results for 13 emissions tests of moth crystal cakes. The chamber was cleaned between each test. They fitted the four constant source models to each data set using non linear least squares to determine the unknown parameters in the experiment like k 1 .
The parameter k 2 is fixed by the experiment and is the the number of air changes per hour. They had V = 166l.
The criteria they use to determine the best model for each test is to choose the model that produces the smallest residual sum of squares.
We will look at the test labelled 10.1 in more detail. 
